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Abstract. We report on the searchesfor the productionof scalartop quarksand scalarbottom
quarksusingdatatakenduringRunII of theFermilabTevatroncollidersin pp̄ collisionsatacenter
of massenergy of 1.96TeV. Wefind ourdatato beconsistentwith theStandardModelexpectations
andderive95%confidencelevel limits on themassesof scalartop quarkandscalarbottomquark.
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INTR ODUCTION

Supersymmetry(SUSY) overcomessomeof the theoreticalproblemsin the Standard
Model (SM) by introducingnew degreesof freedom.In the Minimal Supersymmetric
extensionof theStandardModel (MSSM), a scalarsupersymmetricpartneris assigned
to every SM fermion,anda fermionic superpartnerto every SM boson.The large top
quarkmasscaninducea large mixing betweenthe superpartnersof the left andright
helicity statesof thetop quarkandconsequentlycanleadto a substantialmasssplitting
betweenthetwo scalartop masseigenstates.Thusit is likely that the lighter scalartop
(t̃1) maybethelightestsquark.If tanβ is large,thentherecanbea largemasssplitting
in thesbottomsector, yielding low massfor oneof the b̃ which couldbein thereachof
theTevatronenergy.

At theTevatron,scalartop (andscalarbottom)quarksareexpectedto beproducedin
pairsvia gg fusionandqq̄ annihilation.Scalartopquarkcandecayin variousmodes[1].

SCALAR TOP SEARCH AT DØ

DØ performedasearchfor scalartoppairproductiondecayinginto t̃1
¯̃t1
� bb̄l

�
l � ν̃ ν̃ in

the µ
�

µ � final state[2], usingan integratedluminosityof 339pb� 1. We selectevents
with two muons(pT

�
µ ��� 8 � 6 GeV), missingtransverseenergy (E� T > 20-50GeV), at

leastonejet (ET

�
j �	� 15 GeV) with b-tag(basedon theimpactparameterof thetracks

in thejet).ThemainStandardModelbackgroundincludes:Z � γ 
 � µµ � ττ, QCDmulti-
jet events,ϒ

�
1S � � µµ, WW , andtt̄ production.After the selectionrequirements,we

observe 1 event in the data,which is in agreementwith the expected2 � 88 � 0 � 43
�

0 
 10

� 0 
 04
events from the StandardModel background.Assumingthe decayBranchingRatio
BR

�
t̃1
� blν̃ ��� 100%andequalBR in threeleptonflavors, we calculateupper-limit

crosssectionsat the95%ConfidenceLevel (CL) for varioussignalpoints.Considering
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FIGURE 1. 95% CL excludedregion in the M � t̃1 � -M � ν̃ � planewith 339 pb� 1 luminosity in the µµ
final state.Also shown is theDØ resultobtainedin RunI with 108pb� 1 luminosityin theeµ final state.

theresultsfor differentν̃ andt̃1 mass,wecanexcludearegion in theM
�
t̃1 � -M

�
ν̃ � plane

asshown in Figure1.However, thepreferredchannel(asin theRunI analysis)is eµ final
state,wherewe would have twice of theBR andmuchlower Z/Drell-Yanbackground,
andweexpectsignificantimprovementby new analysisin eµ channel.

SCALAR TOP SEARCH AT CDF

A searchfor t̃1
¯̃t1
� ττbb̄ in the framework of R-parity violation SUSY hasbeenper-

formedby CDF [3], usinganintegratedluminosityof 332pb� 1. Thefinal stateconsists
of eitheranelectronor amuonfrom theτ � lνlντ (l � e or µ) decay, ahadronicallyde-
cayingtau(τhad), andtwo or morejets.ThemajorbackgroundsareQCDprocess,W � Z
+ jets, top quark,anddi-bosonproductions.Theeventselectionrequiresonelepton(e
or µ, pT

�
l ��� 10GeV),oneτhad (pT

�
τ � � 15GeV),at leasttwo jets(ET

�
j ��� 20GeV),

vetoZ andW , andfinally ST !#" pT

�
l � "%$&" pT

�
τ � "'$&"E� T " � 110GeV. In e $ τ channel,1

eventis observedin datawhile 1 � 27
�

0 
 29

� 0 
 18 is expectedfrom theSM background.In µ $ τ
channel,1 event is observedand0 � 99

�
0 
 35

� 0 
 13 backgroundis expected.With no excessof
eventsobserved,weobtain95%CL crosssectionlimits, assumingBR

�
t̃1
� bτ �(� 100%.

Wefind anominalmasslimit of m
�
t̃1 �)� 155GeV, andaconservativeoneof m

�
t̃1 �*� 151

GeV consideringtheuncertaintiesin the theoreticalcrosssectioncalculation.Thepre-
viously publishedlimit of m

�
t̃1 �	� 122GeV by CDF RunI (with 106pb� 1 luminosity)

shouldbecomparedto 155GeV.



)
+2,Scalar bottom Mass (GeV/c

-0
.

50
/

100 150 200
0

)
+2,Scalar bottom Mass (GeV/c

-0
.

50
/

100 150 200
0

)2
N

eu
tr

al
in

o
 M

as
s 

(G
eV

/c
0
.

20
0
40

60
1
80
2

100

CDF Run I
3

-1
88 pb
4

DØ Run II
-1

310 pb
5LEP

=208 GeVs6

)7

10 χ8

) =
 M

(b
) +

 M
(

7

b~
M

(

DØ Run II Preliminary
9

FIGURE 2. 95%CL exclusioncontourin theM � b̃ � -M � χ̃0
1 � plane.

SCALAR BOTTOM SEARCH AT DØ

This analysis[2] searchesfor the pair productionof scalarbottom quarks(b̃) at DØ
in the final stateof b̃¯̃b � bb̄χ̃0

1
¯̃χ0

1 . The datasamplehasan integratedluminosity of
310 pb� 1. In event selection,we requiretwo high ET acoplanarjets (3rd jet allowed)
andhigh E� T , vetoeventswith isolatede, µ, or track (τ), andrequiresingleb-tag.We
observe 36 eventsin dataandwe expect38� 6 � 2 � 8 eventsfrom the SM background.
Furthermorewe optimizejet ET andE� T cutsdependingon the b̃ mass.Sincedataare

consistentwith the SM background,we set limits on the b̃ ¯̃b crosssectionsassuming
BR

�
b̃ � bχ̃0

1 �:� 100%.The resultsaresummarizedin the 95% CL exclusioncontour
displayedin Figure2.

CONCLUSION

CDF andDØ havesearchedfor scalartop andscalarbottomquarksin variouschannels
using an integratedluminosity of up to 340 pb� 1, and obtainedimprovementover
TevatronRun I resultsandextensionof LEP excludedregions.We have accumulated
over 1 fb � 1 data,hoping for a discovery by analyzingthese,otherwisetherewill be
substantialimprovementof thelimits.
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